BACKGROUND: Although survivors of adolescent-onset cancers are at risk of infertility, the majority desire children. Fertility preservation options are available for adolescents, but sperm banking remains underused. To the authors' knowledge, patient factors that influence decisions to bank sperm are poorly understood. METHODS: A cross-sectional study of 146 adolescent males who were newly diagnosed with cancer and who completed surveys within 1 week of treatment initiation was performed. Participants, 65% of whom were white, were aged 13 to 21 years (mean, 16.49 years; standard deviation, 2.02 years) and were at risk of infertility secondary to impending gonadotoxic treatment. [P 5.04]) recommendation to bank, and greater adolescent self-efficacy to bank (OR, 1.16; 95% CI, 1.01-1.33 [P 5.03]) were found to be associated with successful sperm banking. CONCLUSIONS: Adolescents' perceived benefits of sperm banking, higher Tanner stage, and parent recommendation were associated with collection attempts, whereas perceived social barriers decreased this likelihood. Successful banking was associated with greater adolescent self-efficacy, parent and provider recommendation to bank, and consultation with a fertility specialist. Providers should consult with both adolescents and parents regarding fertility preservation, and interventions should be tailored to address barriers to sperm banking while promoting its benefits.
INTRODUCTION
Survival rates for childhood cancer have significantly improved over the past several decades. 1 Therefore, much attention has been placed on studying the potential late effects of toxic cancer therapies. Cranial or pelvic radiation as well as alkylating agents are common treatments (approximately 50% of cases) for various types of childhood cancer, 2 and have been found to adversely affect the endocrine and reproductive systems. 3, 4 As such, survivors of childhood cancer are at an increased risk of impaired fertility or sterility.
Subsequent efforts to increase fertility counseling and gamete preservation before the initiation of cancer treatment among newly diagnosed youth have been prioritized, but to the best of our knowledge, use of these interventions remains low. [5] [6] [7] [8] Because having children is one of the top 3 life goals reported among adolescents with cancer, 9 and infertility among adult survivors of childhood cancer is related to significant distress, worry, relationship difficulties, or challenges in finding a partner, [10] [11] [12] [13] [14] [15] it is unclear why fertility preservation remains low in this group. It may be that at the time of diagnosis, future fertility is not an immediate concern for many adolescent patients. However, priorities shift over time, 16 and adult survivors of childhood cancer often regret that infertility as a potential consequence of treatment was not discussed at the time of diagnosis. 17 Retrospective studies have found that those adolescents who were offered fertility preservation greatly appreciated having had the option to bank sperm. 18, 19 The standard fertility preservation method for postpubertal males is sperm banking/cryopreservation, but many factors contribute to decision making and the use of such options. The current study investigated the contribution of developmental (eg, age, Tanner stage), communication (eg, information and recommendations from parents, medical team providers, or fertility specialists), and psychological (ie, fertility-related health beliefs, anxiety) factors in affecting sperm banking among at-risk adolescent males. The role that each of these factors plays in this process was tested in association with our 2 primary study outcomes: 1) collection attempt and 2) successful completion of banking sperm.
MATERIALS AND METHODS

Study Design and Setting
A single-group, observational study design focusing on sperm banking among adolescents who were newly diagnosed with cancer was used across 8 leading pediatric oncology centers in the United States and Canada from December 2010 through January 2014.
Participants
Before enrollment, study team members checked the eligibility of new patients daily. Eligible participants were male, were newly diagnosed with a first malignancy, were aged 13 to 21 years, had a Tanner stage 3, were proficient in speaking and reading English or Spanish, and had the cognitive capacity to complete study questionnaires. Once the initial study criteria were met, the patient's oncologist was queried regarding the patient's infertility risk. Patients were considered eligible only after the oncologist rated the adolescent as being at increased risk (> no risk) for infertility based on impending treatment. To control for potential bias, an attempt was made to approach all patients who met eligibility criteria for participation. After the informed consent/assent was provided, data typically were collected between 1 to 7 days after the initiation of cancer treatment. Because sperm banking should occur before the initiation of cancer therapy, 20 the timing of this data collection was chosen to increase the validity of self-reported factors that had influenced the sperm banking decision. 21 At the time of completion of the survey, participants received a gift card as compensation for their time and efforts. All study procedures were approved by the institutional review boards of all participating centers.
Variables and Measurement
Survey content and development occurred as a function of survivor focus groups, clinical experience, literature review of previous research findings, behavioral health theory, instrumentation, and piloting and review from the sponsoring institution's family advisory committee, all of which ultimately informed the final adolescent questionnaire.
Primary Outcomes
The 2 binary primary outcomes considered were collection attempt (yes/no) and successful sperm banking (yes/ no), which were obtained from the study survey via adolescent self-report. A collection attempt was considered as such if the participant endorsed one of the following options to the question of whether they had banked sperm: 1) "Yes"; 2) "No, I tried to but wasn't able to provide a sample"; or 3) "No, I provided a sample but there was no sperm to bank in it." Sperm banking was coded as successful only if the response was "Yes."
Independent Outcomes
Sociodemographic variables
Adolescent participants responded to a series of standard sociodemographic questions, including age, race/ethnicity, educational level, employment status, religious preference, and relationship status. For analytical purposes, race/ethnic group was collapsed into a 2-level white/other variable due to a low percentage of participants endorsing any of the other race/ethnicity response options. Adolescents also were asked to report whether they had a history of masturbation, nocturnal emission (ie, "wet dream"), and partnered sexual activity. These developmental history items were adapted from the Centers for Disease Control and Prevention's Youth Risk Behavior Surveillance System survey. 22 For analytic purposes, responses of "no" and "not sure" on these developmental items were collapsed into 1 single "no" category. Patients' Tanner stage and type of diagnosis were retrieved from their medical records.
Communication
Adolescents were asked a series of binary questions regarding whether medical team member(s), parent(s), or other family members/friends had discussed their risk of infertility with them and whether a banking recommendation was made. Adolescents were asked what their personal perception of their infertility risk was on a scale of 0 to 3, with 0 indicating "none" and 3 indicating "high," and whether they met with a fertility specialist. Adolescents also completed the family communication, problem solving, affective responsiveness, and general functioning subscales from the McMaster Family Assessment Device. 23 Finally, adolescents were asked whether they were familiar with fertility preservation methods before diagnosis.
Psychological factors
Fertility and banking-related health beliefs were measured with subscales adapted from previous research and based on the Health Belief Model. [24] [25] [26] [27] [28] Perceived vulnerability was assessed using a 5-item scale, which included content such as "Compared with other males who have never been treated for cancer, what is your risk of developing fertility problems in the future?" Items were answered on a 5-point Likert-type scale from 1 to 5 (with 1 indicating much lower and 5 indicating much higher). Perceived severity was measured with 5 items, instructing adolescents to rate their agreement with statements such as "Infertility would be one of the hardest things to deal with in life" (scale of 1-5, with 1 indicating "strongly disagree" and 5 indicating "strongly agree"). To measure perceived barriers, adolescents rated the relevance of 28 potential barriers on a scale from 1 to 4, with 1 indicating "very unimportant" and 4 indicating "very important." Exploratory factor analysis suggested 4 subscales representing influential authority figures (ie, medical team and parental influences; 6 items), social influences (eg, friends, girlfriend/partner, and siblings; 6 items), concerns for future children (eg, child health, genetics, desire for children; 5 items), and sperm banking logistics (eg, cost, availability; 10 items), with 1 item contributing to both influential authority figures and the logistics subscales. The Perceived benefits subscale was measured with 6 items assessing the extent to which adolescents agreed with statements such as "sperm banking makes an infertile man a more desirable spouse" or "sperm banking helps avoid future regret" (scale of 1-5, with 1 indicating "strongly disagree" and 5 indicating "strongly agree"). The self-efficacy subscale was assessed with 4 items targeting adolescent perceptions of their ability to produce a sample, arrange/schedule an appointment, arrange transportation to a sperm banking facility, and pay for sperm banking (scale of 1-5, with 1 indicating "definitely no" and 5 indicating "definitely yes"). Last, cues to action were measured by asking participants to endorse all sources of fertility-related information (choosing from 7 medical, 12 social, and 6 media options). The number of endorsed sources were summed to a total score. Finally, anxiety during the previous week (ie, when diagnosis and sperm banking decisions presumably occurred) was measured using the 10-item anxiety subscale of the Symptom Checklist-90-R. 29 
Statistical Analysis
To build logistic regression models with the most appropriate variables selected as covariates, a 3-step statistical strategy was used including: 1) multiple imputation for managing missing data; 2) elastic net for the selection of relevant covariates; and 3) building multivariable logistic regression models. Specifically, after eliminating variables that had 20% missing data, a Markov chain Monte Carlo method was used to impute other missing values, based on an assumption of an arbitrary missing pattern and a multivariate normal distribution of factors. 30, 31 This multiple imputation procedure yielded 20 imputed data sets. Second, elastic net regularization was used in each of the 20 imputed data sets to select final covariates. Those covariates selected 19 times (ie, 95% chance) based on the Bayesian information criterion were retained and tested in the final model. 32, 33 Finally, multivariate logistic models were fitted using the selected covariates in the 20 imputed data sets. Results of the final models were aggregated and presented as odds ratios (OR) and 95% confidence intervals (95% CIs).
RESULTS
A total of 181 eligible patients were approached across the 8 centers, 156 of whom agreed to participate; 146 patients completed all questionnaires (Fig. 1) . Patients most often were diagnosed with a leukemia or lymphoma (82 patients; 56.2%), were on average aged 16.5 years (standard deviation, 2.0 years; range, 13-21 years), were predominantly white (95 patients; 65.1%), were predominantly Christian (120 patients; 82.2%), and reported dating or relationship experience (99 patients; 67.8%) ( Table 1) . Descriptive data for fertility-related communication and health beliefs are provided in Tables 2 and 3, respectively. Of all 146 adolescent participants, approximately one-half made a collection attempt (78 patients; 53.4%). However, 14 of these males did not successfully bank, either because they were unable to provide a sample (11 patients; 14%) or because their sample was azoospermic (3 patients; 4%). Thus, 82.1% (64 of 78 patients) of those patients who attempted successfully banked sperm, but overall, a minority of all at-risk patients successfully banked sperm (64 patients; 43.8%).
Nearly one-third of the 68 participants who did not attempt to bank sperm indicated that they did not believe banking was necessary (19 patients; 27.9%), whereas an additional 16.2% reported not knowing what sperm banking was or not having met the developmental milestones needed to bank (11 patients). Other reasons for not attempting to bank included a lack of communication from the physician (6 patients; 8.8%), not desiring biological children (4 patients; 5.9%), religious/moral concerns (4 patients; 5.9%), prohibitive cost (4 patients; 5.9%), concern regarding delaying treatment (4 patients; 5.9%), and fear of passing down a genetic risk for cancer (1 patient; 1.5%). Fifteen of the 68 patients who did not attempt sperm banking (22.1%) did not report a reason for not attempting to bank.
Collection Attempt
All sociodemographic, communication, and psychological factors were tested for their association with collection attempt and, based on elastic net variable selection, the following variables were consistently identified at the univariate level: Tanner stage, several communication factors 
Successful Completion of Sperm Banking
All sociodemographic, communication, and psychological factors were tested for their association with successful banking at the univariate level and, based on elastic net variable selection, the following variables were consistently identified: 3 communication factors (ie, provider recommendation to bank, parent recommendation to bank, and consultation with a fertility specialist) and 2 fertility-related health beliefs (ie, perceived benefits to banking and self-efficacy). It is interesting to note that no sociodemographic factors were identified as being significantly related to successful banking. The 5 identified variables were entered into the final logistic regression model, demonstrating that both adolescent-reported recommendations from a parent (OR, 3.02; 95% CI, 1.1-8.10 [P 5 .029]) or provider (OR 5 2.67; 95% CI, 1.05-6.77 [P 5 .039]) were associated with an approximately 3-fold greater likelihood to successfully bank (Table 4 ). In addition, adolescents who reported higher self-efficacy to bank (OR, 1.16; 95% CI, 1.01-1.33 [P 5 .034]) were more likely to be successful. It is interesting to note that adolescents who consulted with a fertility specialist were >3 times more likely to successfully bank (OR, 3.44; 95% CI, 1.00-11.83 [P 5
.050]) (Table 4) .
DISCUSSION
Despite adolescent males' desire for children in the future, 9, 34 the results of the current study indicate that a minority of adolescents who are newly diagnosed with cancer bank sperm before the initiation of cancer treatment. Historically, there has been a lack of clarity regarding the factors associated with adolescent sperm banking outcomes, but, as the results of the current study demonstrate, adolescent factors, as well as parental and provider factors, all appear to play a role in this process.
Initial communications regarding fertility risk and preservation options begin with medical providers. 35, 36 These messages typically are communicated during the diagnostic process, discussion of the treatment plan, or a review of potential side effects as part of the informed consent process for treatment. As such, health care providers can significantly influence decision making regarding fertility preservation, 18 ,37 yet some oncologists prioritize disease assessment and treatment planning over fertility preservation. Adolescents who are clear in their decision to attempt or not attempt sperm banking typically do not receive a formal fertility preservation consultation, but for the majority of adolescents who are unsure or need more information, they may benefit from meeting with a fertility specialist before making a decision. Although not all pediatric oncologists believe pubertal patients should be referred to a fertility specialist, 5 the results of the current study demonstrate that working with such a specialist was most influential with regard to successful sperm banking outcomes.
Parent recommendations to their sons can be important as well, and as such, they often desire involvement in sperm banking discussions as a means of developing the most informed recommendations. Because parents frequently defer to physician advice regarding fertility preservation recommendations, it is important that medical professionals provide timely, accurate, and easily digestible fertility risk information to families, or make appropriate referrals to fertility specialists (eg, reproductive endocrinologists, pediatric urologists, psychologists, or other practitioners). Information gained from these discussions further informs parental banking recommendations, which were found to be particularly influential with regard to adolescent collection attempts. Interventions designed to improve sperm banking outcomes in the future should target staff who interact with families and who are willing to assist parents in formulating recommendations by addressing any perceived (particularly social) barrier to making a sperm banking attempt, while emphasizing/promoting adolescent understanding of the benefits associated with such an attempt. Because adolescents must consent to all fertility preservation procedures, perhaps the most important influence on this process is the adolescent himself. Whereas previous research and clinical lore has suggested that age is the most important determinant influencing fertility preservation outcomes, 38, 39 the current study data have suggested that Tanner stage may be more influential. Thus, Tanner stage, an indicator of physical maturity, may be a more accurate indicator of readiness and/or spermatogenesis for providers as opposed to exclusively working from an age criterion. 40 Furthermore, adolescent psychological variables, including perceived banking benefits, lack of social barriers, and self-efficacy to complete the banking process, also were found to be associated with banking outcomes. As with parents, interventions among staff who specialize in working with adolescents could aid in the targeting of these modifiable attitudes when making preservation decisions or preparing for banking.
With regard to limitations of the current study, it should be noted that we relied on self-report for sperm banking outcomes rather than medical record verification. However, these data were collected as part of a larger study that included parent data, and we identified 100% agreement between adolescent and parent reports regarding sperm banking outcomes. In addition, the ideal study design would have included the collection of study data before sperm collection attempts, banking, and the initiation of treatment. However, variations in the time from diagnosis to treatment (eg, hours for some patients with leukemia to weeks for some patients with solid/brain tumors) across patients made this type of design unfeasible. Because study data collection ended in 2014, interval changes in adolescent attitudes surrounding sperm banking may be possible, although unlikely. In addition, the Tanner stage of the participant and fertility risk scores were clinically assigned (as opposed to meeting standardized study-based definitions), which increased the likelihood of variability in classifications.
Future research should not only examine interventions designed to increase collection attempts and successful sperm banking but also decisional satisfaction among adolescents to promote patients' psychological well-being regardless of their decision and banking outcome. Additional study also is needed regarding the familial decisionmaking processes specific to experimental fertility preservation (eg, testicular tissue cryopreservation) among prepubertal males who are at risk of infertility, along with system-level factors (eg, access to andrology laboratories), which could affect sperm banking opportunities among newly diagnosed adolescents.
Although guidelines for practitioners regarding adolescent fertility preservation have been established by several leading oncology and pediatric health care organizations, 41 -43 the current study investigated sperm banking decisions from the perspective of the adolescent. Collection attempt and sperm banking successes were found to be related to adolescent developmental (eg, Tanner stage) and psychological (eg, benefits to banking, self-efficacy, and social barriers) factors, as well as adolescents' perception of parent recommendation, provider recommendation, and consultation with a fertility specialist. Within the context of these findings, recommendations for future interventions to promote sperm banking outcomes could focus on training medical teams who can assist adolescents and their parents in navigating these factors and encourage optimal decision making for each adolescent. Although fertility preservation is optional, accurate, digestible, and timely communications regarding fertility risk and counseling are not. By providing and participating in these discussions, health care providers will not only be adhering to the recommended guidelines, but also will provide patients with an opportunity to maintain their option of biological fatherhood. data curation, writing-original draft, and writing-review and editing. Vicky Lehmann: Data curation, writing-original draft, and writing-review and editing. Jessica S. Flynn: Investigation, project administration, data curation, writing-original draft, and writingreview and editing. Yin Su: Data curation, formal analysis, writingoriginal draft, and writing-review and editing. Hui Zhang: Conceptualization, methodology, data curation, formal analysis, writing-original draft, and writing-review and editing. Kathryn Russell: Data curation, formal analysis, writing-original draft, and writing-review and editing. Lauren A.M. Schenck: Writingoriginal draft and writing-review and editing. Leslie R. Schover: Conceptualization, methodology, and writing-review and editing.
